China has approximately 5.80 × 10 6 ha coastal wetlands by 2014, accounting for 10.82% of the total area of natural wetlands. Healthy coastal wetland ecosystems play an important role in guaranteeing the territory ecological security and the sustainable development of coastal zone in China. In this paper, the natural geography and the past and present status of China's coastal wetlands were introduced and the five stages (1950s-1970s, 1980s-1991, 1992-2002, 2003-2010 and 2011-present) of China's coastal wetlands conservation from the foundation of the People's Republic in 1949 to present were distinguished and reviewed. Over the past decades, China has made great efforts in coastal wetland conservation, as signified by the implementation of coastal wetland restoration projects, the construction of coastal wetland nature reserves, the practice of routine ecological monitoring and two national wetland surveys, the promulgation of local wetland conservation statutes and specific regulations, the coordination mechanism to enhance management capacity, the wide development of coastal wetland research and public participation, and the extensive communication to strengthen international cooperation. Nonetheless, six major issues recently emerged in China's coastal wetland conservation are evidently existed, including the increasing threats of pollution and human activities, the increasing adverse effects of threaten factors on ecosystem function, the increasing threats of coastal erosion and sea-level rising, the insufficient funding for coastal wetlands conservation, the imperfect legal and management system for coastal wetlands, and the insufficient education, research and international cooperation. Although the threats and pressures on coastal wetlands conservation are still apparent, the future of China's coastal wetlands looks promising since the Chinese government understands that the sustainable development in coastal zone requires new attitudes, sound policies and concerted efforts at all levels. The major strategies for future improvement of China's coastal wetland conservation include: exploring effective measures in response to major threaten factors; improving the conservation and compensation system for coastal wetlands; strengthening coastal wetland legislation and management; increasing funds for coastal wetland conservation and research; and strengthening coastal wetland education and international cooperation.
Introduction
The wetlands in China include 5 types in 34 variations, covering coastal wetlands, rivers, lakes, marshes and artificial wetlands . The area of wetlands accounts for 5.58% of territorial area of China, which is slightly lower than 6.0% of the world average level Wetland China, 2014) . Healthy natural wetland ecosystems play an important role in the sustainable development of China. The coastal zone of China comprises an area of more than three million square kilometers and possesses an 1800 km coastline stretching across tropical, subtropical and temperate zones (Cao and Wong, 2007) . Coastal wetlands are ecosystems of complex interaction between terrestrial and marine processes, which may act as geochemical trap and "green filter" for terrestrial pollutants. It was estimated that more than 70% of large Chinese cities were located in coastal zone and coastal development played a leading role in the national economy, accounting for 55% of its gross domestic product (Wang, 1992) . Over the past decade, the continuing increase in population coupled with economic growth, rapid urbanization and infrastructure development in coastal zone of China have resulted in great changes in coastal wetland ecosystems (Sun, 2014) , which significantly influenced the territory ecological security and the sustainable development of coastal zone.
Although the Chinese government has conducted the first national wetland resources survey during [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] , the untimely information is unfavorable for the current conservation and management of wetlands since the rapidly economic and social development has brought notable changes to China's wetland ecology in the past decade. In order to get the dynamic information on wetland resources, the Chinese government conducted the second national wetland resources survey during [2009] [2010] [2011] [2012] [2013] . In the first half of 2014, the related survey information was formally promulgated one after another. Thus, the synthesis studies on the latest survey information of coastal wetlands are favorable for getting the accurate variations of wetland ecology and making or improving wetland conservation and administration policies.
In this paper, the conservation history of China's coastal wetlands was reviewed and the latest information on coastal wetlands (including natural geography, present status, implementation efforts and existing issues) was provided by analyzing the two national wetland resources survey data comparatively and studying the related research data or reports systemically. It should be pointed out that the data used in this paper before the first national wetland resources survey were reliable and valid because all of them were cited from authoritative research articles or official authoritative reports issued by the State Forestry Administration of China, the State Oceanic Administration of China, the Ministry of Environmental Protection of China, the Fishery Bureau of the China Ministry of Agriculture, the Wetland China, and the Ramsar Convention on Wetlands. The objectives of this paper are to: i) systematically introduce the conservation history, implementation efforts, and policies or measures taken by the Chinese government for the people from institutions of scientific research and organizations of conservation abroad, and ii) to timely provide the information on dynamic variations of China's coastal wetlands in the past decade. Particularly, the issues existing in current coastal wetland conservation and management were pointed out and the strategies for future improvement were put forward.
Natural geography of China's coastal wetlands

Geographical distribution of coastal wetlands
China's wetlands are unevenly distributed among 7 wetland regions: i) the northeast region dominated by freshwater marshes; ii) the Xinjiang-Inner Mongolia region by saline lakes and swamps in dry climate; iii) the Qinghai-Tibet plateau region by alpine lakes and marshes; iv) the Yunnan-Guizhou plateau by subalpine lakes; v) the middle-lower Yellow River region by rivers and coastal wetlands; vi) the middle-lower Yangtze River region by lakes, rivers and coastal wetlands; and vii) the south and southeast regions by rivers and coastal wetlands (Fig. 1a) . According to the second national wetland resources survey conducted during 2009-2013, the total area of China's wetlands is 53.60 × 10 6 ha, including 46.67 × 10 6 ha natural wetlands. Compared to the first national wetland resources survey conducted during 1995-2003, the country lost 3.38 × 10 6 ha natural wetlands, with a total loss rate of 9.33% (Wetland China, 2014) . Of the total area of natural wetlands, 21.73 × 10 6 ha are marshes and swamps, 8.59 × 10 6 ha are lakes, 10.55 × 10 6 ha are rivers, and 5.80 × 10 6 ha are coastal wetlands (Wetland China, 2014) , which account for 40.68%, 16.09%, 19.75% and 10.85% of the total wetlands area, respectively (Fig. 1b) . The coastal wetlands are mainly distributed in 11 provinces of Liaoning, Hebei, Tianjin, Shandong, Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong, Guangxi and Hainan, in which the area of coastal wetlands of Shandong and Guangdong provinces accounts for 37.55% of the total coastal wetlands area (Fig. 1a, c) . Coastal wetlands in China generally can be divided into two groupings. One part is located to the north of the Hangzhou Bay. In this part, the Bohai Sea coast and the Jiangsu coast have sandy or silty wetlands while the Liaodong Peninsula and Shandong Peninsula have rocky beaches. The other part is located to the south of the Hangzhou Bay. In this part, the coasts are mainly rocky, including the major river deltas, such as the Yangtze River Delta, the Qiantang River-Hangzhou Bay, the Jin River estuary-Quanzhou Bay, the Pearl River Delta and the North (Beibu) Gulf (Niu et al., 2009 ).
Past and present status of coastal wetlands
Over the past 60 years, China's coastal wetlands have suffered tremendous loss due to the increased threats and pressures on wetlands for the reason of the increasing population and rapidly developing economy. From 1950 to 2014, the country lost 8.01 × 10 6 ha coastal wetlands, with a total loss rate of 58.00% ( Fig. 2A) . Numerous factors endanger the existence of coastal wetlands, such as land demands by a large population, a lack of understanding of coastal wetland values, a misguided reclamation policy and a lack of environmental laws and regulations. Among them, reclamation and infrastructure construction were the primary causes, which account for 70-82% of the total loss (Niu et al., 2011; An et al., 2007) . Approximately 3.86 × 10 6 ha coastal lands, including swamp, salt marsh, estuary, gulf and mangroves, were reclaimed or greatly destroyed in the past 20 years , which approximated the lost area during 1950-1991 (4.15 × 10 6 ha) ( Fig. 2A) . Because the statistical calibers of coastal wetlands were different in the two national wetland resources surveys (over 100 ha in the first national wetland resources survey and over 8 ha in the second national wetland resources survey), the approximate area of coastal wetlands in the two periods ( Fig. 2A) , to some extent, covered the actual loss status of coastal wetlands in the past decade. In order to present the actual loss status of coastal wetlands, the area variations of the main coastal wetlands in each coastal province were analyzed. It was found that the coastal wetlands in the Luan River estuary (Hebei), Binhai New Area (Tianjin), Laizhou Bay (Shandong), Yancheng (Jiangsu), Hangzhou Bay (Zhejiang), Min River estuary (Fujian), Pearl River Delta (Guangdong) and Beibu Gulf (Guangxi) showed significant decrease status, while those in the Qilihai (Hebei), Xiamen Bay (Fujian), Jiaozhou Bay and Yellow Rive Delta (Shandong) presented slow descending tendency. Differently, the coastal wetlands in the Liao River Delta (Liaoning), Yangtze River estuary (Shanghai) and Dongzhaigang (Fig. 3) . The mangroves, once widely distributed in southeast China, lost approximately 3.34 × 10 4 ha during 1950-1997 due to the unreasonable utilization and reclamation, with a total loss rate of 69.15% (Fig. 2B) . Especially, the loss rates in Guangdong, Hainan, Fujian and Guangxi provinces over the same period reached 82.1%, 51.6%, 50.0% and 43.5%, respectively (He and Fan, 1995; Zhang et al., 1997) . From 1997 to 2008, although the Chinese government gradually realized the importance of mangrove conservation and took a series of effective actions, the area of mangroves increased slightly. Since then, with the implementation of large-scale mangrove restoration projects, the area of mangroves has already been recovered to the level in 1980 (Fig. 2B ).
3. Conservation history of China's coastal wetlands 3.1. Un-protection stage (1950s-1970s) Since the foundation of the People's Republic in 1949, Chinese population increased significantly. It was reported that the population of China increased by 1.01 × 10 8 and 3.49 × 10 8 during 1953 -1964 and 1964 -1982 , respectively (National Bureau of Statistics of China, 2011 , with a total increasing rate of 69.70% from 1953 to 1982. In order to relieve the severe pressures induced by increasing population, the Chinese government enacted many policies to encourage famers to reclaim more croplands from wetlands (Fig. 4) . For example, due to the misguided policy of "Learn from Dazhai in Agriculture" during 1964 Agriculture" during -1978 , large area of lakes, marshes and coastal wetlands was converted to croplands (Liu, 2010) . Although the Chinese government did not realize the important role of healthy wetland ecosystems in this stage, some research such as investigations of wetland resources and biodiversity were carried out.
General attention stage (1980s-1991)
From 1982 to 1990, the population increased from 10.08 × 10 8 to 11.13 × 10 8 (National Bureau of Statistics of China, 2011) , and the pressures caused by increasing population were still very serious. Nevertheless, the severe environmental problems associated with wetland (including coastal wetlands) loss have already been recognized by the Chinese government although it did not appreciate the importance of full range of ecosystem services provided by wetlands. From 1980 to 1986, the Chinese government conducted the first countrywide comprehensive investigations of the coastal zone and tidal land resource, and established an inventory of coastal resources including tideland, coastal wetlands, coastal hydrology, chemistry, environment, climate, geology and biology. During this stage, the focus shifted towards integrated utilization of wetlands, which included an increasing emphasis on conservation (Sun, 2000) . Although some important laws did not adopt the concept of "wetlands" in this stage, many legal requirements and practices regarding protection management of wetland resources were assigned, such as in the (Fig. 4) .
Special attention stage (1992-2002)
The Chinese government has increasingly recognized the importance of wetland protection after China officially joined the Ramsar Convention on Wetlands in 1992. In order to perform the obligations of the convention seriously, the Chinese government took a series of effective actions for the conservation of wetlands, including water pollution control, fish population conservation, newly originated coastal wetland protection, and invasive species management. These actions have shown promising results in reversing the trends of wetland loss and degradation. Before 1992, the design of wetland utilization has traditionally been considered from an economic rather than ecological perspective, and wetland utilization has suffered from a lack of scientific guidance. Since then, lots of wise-use wetland patterns were established to realize the win-win of economy and environment. For example, a sustainable development pattern of coastal wetlands that included agriculture, fisheries, forestry and eco-tourism has been developed for the Bohai-rim (He et al., 2002) . During 1995 During -2003 , the Chinese government conducted the first national wetland resources survey, which systematically determined the types, acreage and distribution of all wetlands with single area of over 100 ha in the country. In this stage, some related laws and regulations directly used the word of "wetlands" or covered such specific wetland types as beaches, mangrove and coral reef, such as in the Agricultural Law (1993), Nature Reserve Regulation (1994), Marine Nature Reserve Management Methods (1995) , Management Methods of the Inshore Marine Environmental Function Zone (1999) and Marine Environmental Protection Law (2000) . In this period, the conservation and utilization of wetlands extended gradually into the legal system of the state. In addition, the Chinese government has incorporated wetland conservation and rational utilization into the 21st Century Agenda of China (1994) and the China Biodiversity Conservation Action Plan (1994) for prioritized arrangement for development. Meanwhile, wetland conservation and rational utilization were also incorporated into the National Ecological Development Program (1999) and the China National Wetlands Conservation Action Plan (2000) (Fig. 4) . These reflected the capability and resolution of the Chinese government on wetland conservation. (China State Council, 2006) . In the NIPWCE, the goals, tasks, policies, approach and budgetary funds of wetland conservation or restoration were definitely confirmed, and the primary regions and major projects were emphasized (China State Council, 2006) . Meanwhile, the State Forestry Administration (SFA) was designated as the leading agency for wetland conservation. In 2007, a special wetland management and coordination institution-The Convention on Wetlands Management Office of PR China (CWMO) was established in SFA (State Forestry Administration of China, 2007) , which was responsible for the management of wetland conservation or restoration, and the performance of Ramsar Convention in China. Actually, the Chinese government has adopted many effective actions for wetland conservation (including coastal wetlands) during 2005-2010, including the implementation of related laws or statutes, the establishment of wetland reserves, the restoration of degraded wetlands, and the wide development of wetland research, public participation and international cooperation, which will be discussed in more details later. In addition, the draft of the National Wetlands Conservation Statute (NWCS) has been established with the joint efforts of State Council Legislative Affairs Office, SFA and other related branches, and the main problems existing in the draft of NWCS have been revised for three times based on the comments of publics and related administration agencies (Legislative Affairs Office of the State Council, 2012). The provincial wetland legislation work was also promoted during 2001-2010 and 9 provinces (Heilongjiang, Jiangxi, Gansu, Hunan, Shaanxi, Guangdong, Inner Mongolia, Liaoning and Sichuan) promulgated the Local Wetland Conservation Statute (LWCS) (Fig. 4) . These accelerated the process of wetland legislation and provided solid guarantees for the effective protection of wetlands.
Overall implementation stage (2011-present)
The important status and function of wetlands in ecological construction are attracting more and more attentions of the Chinese government. Presently, the nation has already regarded the wetlands conservation and the maintenance of wetland ecosystem health as important approaches to guaranteeing the territory ecological security and the sustainable development of economy and society. In the Twelfth 5-Year Plan (2011) (2012) (2013) (2014) (2015) , the goals, tasks, policies, approach and budgetary funds of wetlands conservation or restoration on a national scale are further defined compared with those in the Eleventh 5-Year Plan (2006) (2007) (2008) (2009) (2010) (China State Council, 2011) , which is favorable for the overall implementation of wetlands conservation or restoration in this stage. During 2009-2013, the Chinese government conducted the second national wetland resources survey, which accurately determined the types, acreage and distribution of all wetlands with a single area of over 8 ha across the country. The latest investigation data clearly explore the property of all wetlands in China, which will significantly contribute to the wetland conservation or restoration in the next step. Although the NWCS is still not promulgated until now, 19 LWCSs have already been carried out by 2013 (Fig. 4) . Next step, a sound national legal system for wetland conservation and management will be established. In addition, many effective efforts for wetlands conservation or restoration (including coastal wetlands) have been implemented in this stage, which will also be discussed in more details later.
Conservation achievements of China's coastal wetlands
Efforts in coastal wetlands conservation and restoration
As mentioned previously, the wetlands (including coastal wetlands) in China were effectively protected since 2002. In the past decade, many remarkable progresses have been achieved in protecting coastal wetlands. During the Eleventh 5-Year Plan (2006) (2007) (2008) (2009) (2010) , approximately 215 million dollars (USD) of central financial funds and 261 million dollars of provincial or local financial funds have been invested in wetlands conservation or restoration (Wetland China, 2010a) . Four types of projects were conducted, including the Wetland Conservation Project (WCP), the Degraded Wetland Restoration Project (DWRP), the Sustainable Use Pilot Project (SUPP), and the Management Capacity Building Project (MCBP). By 2010, 205 wetland projects have been constructed or implemented in different regions (Wetland China, 2014) . In the Twelfth 5-year Plan (2011 Plan ( -2015 , about 242 million dollars of central financial funds will be invested in the conservation or restoration of wetlands and four types of projects, including WCP, the wetlands comprehensive control project (WCCP), DWRP and SUPP, will also be carried out. During 2011-2013, approximately 145 million dollars of central financial funds have been invested and 115 wetland projects have been constructed or implemented (Wetland China, 2014) . Presently, situations are improving as a result of the Chinese government's substantial efforts in creating new protection areas and initiating wetland restoration projects (Niu et al., 2011) . For example, in order to restore the degraded coastal wetlands, improve the wetland functions and protect the natural habitat for rare birds, a restoration project was implemented for the region governed by the Dawenliu Management Station in the Yellow River Delta Nature Reserve in July 2002 (Cui et al., 2009 ). The main restoration measure was to increase the supply of freshwater for the Yellow River estuary and the adjacent wetlands by discharging the water in Xiaolangdi Reservoir during the "Water and Sand Regulation Project" (WSRP) initiated by the nation every year. Before the project was carried out (2002), the coastal wetlands in this region degraded seriously with large areas of barren land. After restoration (2006), the hydrologic links was rebuilt between the Yellow River and wetlands and the plant community shifted from halophytic vegetation to aquatic vegetation. The biodiversity was resulting from a series of mangrove restoration projects, such as the mangrove restoration projects in Quanzhou Bay (Ye et al., 2005) , Leizhou Peninsula (Lin, 2005) , Jiulongjiang estuary , Shenzhen Bay (Liao, 2003) , Qi'ao Island (Peng et al., 2011) and Dongzhaigang (Wang, 2012) . On the whole, the above-mentioned restoration projects not only compensated the loss of coastal wetlands and effectively enhanced the ecological functions of coastal ecosystems, but also established different restoration patterns for estuarine wetlands or mangrove swamps, which would contribute to the conservation of coastal wetlands in other regions. In the next step, the nation will continuously increase the investment of financial funds to strengthen the conservation or restoration of coastal wetlands. In addition, in order to strengthen coastal wetlands conservation and guarantee the capital channel for conservation, the Chinese central government put forward the pilot programs of ecological compensation in the first documents of 2009. During 2010-2011, the Implementation Advice of Wetlands Conservation Subsidy was jointly issued by State Ministry of Finance and SFA, and approximately 65.04 million dollars of financial funds were subsidized to 27 internationally important wetlands, 43 wetland reserves and 86 national wetland parks (including coastal wetlands reserves or parks) (The National People's Congress of China, 2013) . Subsequently, some coastal provinces such as Tianjin, Shandong, Fujian and Guangdong also carried out the pilot programs of ecological compensation (Chinese Government, 2013) . For example, the provincial government of Tianjin arranged special funds for the "Paleoshore and Wetland National Nature Reserve" to subsidize the lands that were long-term mandatory administrated by communities or individuals. The provincial government of Guangdong arranged approximately 1.63 million dollars of financial funds for six pilot programs of wetlands ecological compensation. Of the 6 pilot programs, 2 are involved in coastal wetland reserves (Zhanjiang Mangrove National Nature Reserve and Huidong Port Sea Turtle National Nature Reserve) (State Forestry Administration of China, 2012) . Overall, the implementation of ecological compensation pilots at the national and provincial levels effectively promoted the conservation of coastal wetlands.
Efforts in coastal wetlands nature reserve construction
In China, natural wetlands are protected under a three-class system: the wetland reserves (i.e., full protection from development and most human activities), the wetland parks (i.e., full protection from development but use for ecotourism) and the scenic parks (i.e., full protection from development but open to the public for recreation) . Although the Chinese government started to establish wetland natural reserves in the early 1970s, most national, provincial and county-level nature reserves were established after China joined the Ramsar Convention on Wetlands in 1992 . In 2001, the nation started a project called "Wildlife Protection and Nature Reserves Construction", and subsequently, the establishment of wetland nature reserves was significantly promoted. According to the related data provided by the first national wetland resources survey (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) and the second national wetland resources survey (2009) (2010) (2011) (2012) (2013) (Wetland China, 2014) . In the last decade, 279 wetland nature reserves and 468 wetland parks have been established and 25 wetlands were designated into the List of Wetlands of International Importance (the "Ramsar List"). By 2014, 46 wetlands were designated into the "Ramsar List", including 15 coastal wetlands (Fig. 5 ). In addition, of the 125 national wetland nature reserves, 35 are coastal wetland reserves (Fig. 5) , accounting for 28.00% of the total amount of national nature reserves. Presently, the total area of the 35 national reserves of coastal wetlands has reached 157.95 × 10 4 ha, accounting for 27.23% of the total area of coastal wetlands in China (5.80 × 10 6 ha).
Efforts in coastal wetlands survey and monitoring
In order to better perform the Ramsar Convention on Wetlands and effectively protect wetlands, China completed the first national wetland resources survey in 2003 to get the basic information of wetlands (including coastal wetlands) with single area of over 100 ha, including the types, acreage and distribution of wetlands, the zonation compositions and distributions of higher plants and rare plants in wetlands, the geographical distribution and habitat condition of wetland amphibians, reptiles, birds, mammals and fish resources . In the past decade, the rapidly economic and social development has brought notable changes to China's wetland ecology. Thus, in order to get the accurate information on wetland resources and their ecological changes, and to make and improve conservation and administration policies, the SFA conducted the second national wetland resources survey between 2009 and 2013. The main purpose of the second survey was to systematically determine the types, distribution, plantation, and conservation status of all wetlands no smaller than 8 ha as well as river wetlands wider than 10 m and longer than 8 km. Also, the biodiversity, ecology, utilization and the levels of threat on wetlands of international importance, natural reserves, wetland parks and other wetlands with special conservation value were investigated (Wetland China, 2014) . It was estimated that 203 national and provincial institutions as well as more than 22,000 technical people took part in this survey. Combined 3S technologies and filed investigations, the survey partitioned 276,200 wetland patches, 3391 wetland areas and 1579 key wetlands. Also, approximately 72,227 plots and 14,044 belt transects were set up for surveying plants and animals, respectively. In the past decade, information on the dynamic variations of the acreage and the conservation and threatened status of wetlands with single area of over 100 ha has been clarified and a complete series of technical regulation on wetland resources survey has been developed. Moreover, the routine ecological monitoring has been carried out in 35 wetlands of international importance and 48 coastal or oceanic reserves (SOA, 2014) , and 9 ecological monitoring stations have been set up in some important wetlands depending on the national wetland project (Wetland China, 2010a) . These surveys and ecological monitoring laid a good foundation for the implementation of wetland conservation projects and the scientific decision-making or management of wetland conservation.
Efforts in scientific research of coastal wetlands
Over the past decade, the scientific and technological support powers in wetland research were enhanced. Many national wetland research institutions were established one after another from 2008 to 2010, including the Wetland Research Center of SFA (Beijing), the National Plateau Wetlands Research Center (Yunnan), and the National Wetland Protection and Restoration Technology Center (Beijing) (Wetland China, 2010b) . Cooperating with other national/provincial institutions or universities, many important national projects focused on wetlands and global change, wetlands and water resource protection, and wetlands and ecological security have already been conducted. Of these projects, three Major State Basic Research Development Programs of China ("973" programs) have been carried out in the past decade, and among them, one was closely correlated with coastal wetlands (Influence mechanisms of reclamation on coastal wetlands in different river delta and the ecological restoration technologies for the degraded ecosystems). In addition, a series of State Science and Technology Support Programs (SSTSP) have been conducted, which laid scientific and technological foundation for coastal wetland conservation and restoration. For example, under the financial support of SSTSP, the scientists in Binzhou University explored a restoration technology for coastal salinized wetland by utilizing the industrial wastewater of Haiyun Paper Company (Tian et al., 2010) . The wastewater from papermaking was applied to water salinized land and create a favorable wetland environment for sustaining reeds. The artificial reed wetland detoxified the wastewater through natural processes, and simultaneously, the alkali salt level and nutrient status of wetland soil and the biomass and growth of plants were greatly improved Ma et al., 2010; Dong et al., 2010; Xia et al., 2011) . As a result, the drainage water was in accordance with the Standards for Irrigation Water Quality of China (GB5084-2005) and the reeds in the restoration wetland could be used as raw materials to make paper. Based on the ecological success of this approach, 133.33 ha of coastal salinized wetland was restored to demonstrate the economic and ecological benefits of this approach. In 2009, the technology has been designated into the State Sustainable Development Plan of the Yellow River Delta and was applied for the development of recycling economy (Tian et al., 2010) .
Efforts in coastal wetland management policy and legislation
In order to perform the obligations of Ramsar Convention and strengthen coastal wetland conservation, the Chinese government designated the SFA as the leading agency and established special wetland management institution and coordination mechanisms. As mentioned previously, the CWMO was founded in 2007, which was responsible for the organization and coordination of different agencies, the publicity of wetland knowledge, the supervision of wetland conservation, the management of international cooperation, and the setting of national Fig. 5a and b, the names of coastal wetland reserve in each coastal province are marked by the acronym of each province name and Arabic numerals. TJ1 represents the Paleoshore and Wetland Nature Reserve in Tianjin. HB1 represents the Changli Golden Coast Nature Reserve in Hebei. LN1, LN2, LN3, LN4 and LN5 represent the Snake Island and Laotieshan Nature Reserve, the Shuangtai Estuary National Nature Reserve, the Dalian National Spotted Seal Nature Reserve, the Yalvjiangkou Coastal Wetland Nature Reserve and the Chengshantou Coastal Geomorphology Nature Reserve in Liaoning, respectively. SH1 and SH2 represent the Jiuduansha Wetland Nature Reserve and the Chongming Dongtan Nature Reserve in Shanghai, respectively. JS1 and JS2 represent the Yancheng Wetland Nature Reserve and the Dafeng (Elaphurus davidianus) Nature Reserve in Jiangsu, respectively. ZJ1 and ZJ2 represent the Nanji Islands Nature Reserve and the Jiushan Islands Nature Reserve in Zhejiang, respectively. FJ1, FJ2, FJ3 and FJ4 represent the Shenhu Bay Ancient Forest Relic Nature Reserve, the Xiamen Marine Rare Species Nature Reserve, the Zhangjiangkou Mangrove Nature Reserve and the Minjiangkou Wetland Nature Reserve in Fujian, respectively. SD1, SD2, SD3 and SD4 represent the Changdao Nature Reserve, the Yellow River Delta Nature Reserve, the Binzhou Chenier Islands and Wetlands Nature Reserve and the Rongcheng Whooper Swan (Cygnus cygnus) Nature Reserve in Shandong, respectively. GD1, GD2, GD3, GD4, GD5, GD6 and GD7 represent the Neilingding Island and Futian Nature Reserve, the Huidong Port Sea Turtle Nature Reserve, the Zhanjiang Mangrove Nature Reserve, the Chinese White Dolphin (Sousa Chinensis) Nature Reserve, the Xuwen Coral Reefs Nature Reserve, the Leizhou Marine Rare Biology Nature Reserve and the South Penghu Islands Nature Reserve in Guangdong, respectively. GX1, GX2 and GX3 represent the Shankou Mangrove Nature Reserve, the Hepu Rugen (Dugong dugon) Nature Reserve and the Beilun Estuary Nature Reserve in Guangxi, respectively. HN1, HN2, HN3 and HN4 represent the Dongzhaigang Nature Reserve, the Dazhou Island Marine Ecology Nature Reserve, the Sanya Coral Reefs Nature Reserve and the Tongguling Nature Reserve in Hainan, respectively. SH, GD and HK represent the Chinese Sturgeon Nature Reserve of Yangtze Estuary in Shanghai, the Haifeng Wetlands Nature Reserve in Guangdong and the Mai Po Marshes & Inner Deep Bay (Wetland Park) in Hong Kong, respectively. LN2, LN3, SH2, JS1, JS2, FJ3, SD2, GD2, GD3, GX1, GX3 and HN1 are both national nature reserve and international importance wetlands, while SH, GD and HK are international importance wetlands. Except for them, other reserves are national nature reserve. In wetland policies (Xinhua News Agency, 2007). As mentioned above, although 46 wetlands (including 15 coastal wetlands) have been designated into the "Ramsar List" by 2014, the variations in ecological characteristics of some internationally important wetlands (such as Dalai Lake and Chongming Dongtan coastal wetland) might have occurred, or be occurring, or be likely to occur as a result of pollution or other human interferences. If effective measures are not timely taken by the Chinese government, these wetlands will be listed in the Montreux Record of Ramsar Convention. Therefore, only strengthening the coordination mechanism of CWMO we can appropriately solve the sensitive issues of some internationally important wetlands caused by local construction project. In the past decade, the statutes and policies have been gradually established and perfected. Although current laws and regulations are effective in stopping wetlands loss and water pollution at large scales, these laws or regulations cannot fundamentally solve the problems of wetland conservation because wetland conservation or restoration generally takes a long time (Sun et al., 2006; An et al., 2007) . Thus, a special and consistent law or statute and a long-term commitment to wetland conservation and water quality control are needed for the Chinese government. As mentioned above, the draft of NWCS has been established and the main problems existing in the draft have been revised for three times. Although the NWCS is still not promulgated until now, the National Wetlands Conservation and Management Regulation (NWCMR) (Chinese Government, 2013) and 19 LWCSs have already been carried out by 2013. In the near future, a sound national legal system for wetland conservation and management will be established. Moreover, many specific regulations or policies, which were related to wetland resources survey, wetland conservation and restoration, and wetland park construction, have been promulgated in the past decade, such as the Technological Regulation of National Wetland Resource Survey, the Construction Regulation of National Wetland Park and the Implementation Advice of Wetlands Conservation Subsidy. These statutes or regulations, to a great extent, promoted the management and conservation of China's wetlands (including coastal wetlands).
Efforts in public participation of coastal wetland conservation
In the past decade, the public awareness on coastal wetland conservation has been gradually enhanced. The publics can understand the knowledge on wetland conservation by different ways. According to the requirements of Ramsar Convention, the publicity activity of World Wetland Day was carried out by wetland management institutions every year. The sponsors generally disseminate the knowledge on coastal wetland conservation for publics by solicit articles, TV special subject slice, publicity posters and popular science books (Wetland China, 2010a) . The mass publicity activities were also effective ways for publics to take part in coastal wetland conservation. With the joint efforts of wetland institutions and volunteers, the website of Wetland China has become the most influential gateway website in the aspects of wetland publicity in China since it was built in 2008 and more than 20 thousand messages were issued on the internet every year. The Coastal Wetland Miles held in 2010 attracted the accompanying interviews of 7 central media agencies (including People's Daily) and 4 departmental media agencies, which produced great social influences on coastal wetland conservation (State Forestry Administration of China, 2010) . The Wetland Envoy Action organized by wetland institutions every year has been extensively concerned by Chinese society, which had significantly propagandistic and educational effects on teenagers and publics (Wetland China, 2010a) . The Envoy Action of China Dream-Looking for the Most Beautiful Chinese Guardian of Coastal Wetlands organized by World-Wide Fund for Nature (WWFN) and non-governmental organizations was guided by the flyway of migratory bird (from Zhuang estuary in Liaoning province to Min River estuary in Fujian province), and along the flyway, many coastal wetlands were disseminated. This action has been concerned by different sectors of the community, which greatly enhanced the public awareness on coastal wetland conservation in China (Xinhua News Agency, 2013). The Chinese government also disseminates coastal wetland knowledge for publics by actively holding a series of wetland conservation forums or wetland cultural festivals, such as the National Reading Day-Approach coastal wetland Forum, the Yangtze River Forum, the International Tourism Week of the Panjin Coastal Wetland, the Fishing Festival of the Caofeidian Coastal Wetland, and the Ecological Wetland Cultural Festival of the Yellow River estuary. Overall, these government forums and mass publicity activities not only improved the awareness of publics on the participation of coastal wetland conservation, but also created favorable social atmosphere for promoting coastal wetland conservation. The publics can also understand the knowledge on coastal wetland conservation by visiting coastal wetland parks. As mentioned above, about 468 wetland parks have been established in the last decade, including many coastal wetland parks, such as Lingang coastal park in Tianjin, Nansha coastal park in Guangzhou, Hengqin coastal park in Zhuhai and Wanheshan coastal park in Fangchenggang.
Efforts of international cooperation in coastal wetlands conservation
After China officially joined the Ramsar Convention on Wetlands in 1992, the international cooperation in coastal wetland conservation began to be actively conducted. Firstly, the advanced techniques and massive funds have been gradually introduced through the international cooperation mechanism of Ramsar Convention. In the past decades, approximately 79.90 million dollars provided by international community without compensation was used for Chinese wetland conservation (Ma, 2007) . China has also carried out a series of international cooperation with WWFN, Wetlands International (WI), European Union (EU), United Nations Development Program (UNDP), Global Environment Facility (GEF), International Union for Conservation of Nature (IUCN) and other international organizations in the fields of coastal wetlands conservation and remediation, biodiversity, and personnel training. For example, the project of Sino-Italian Ecological Remediation and Conservation of Hai-Luan Estuary and Coastal Wetland, supported by GEF and Sino-Italian government, started in 2006 and has already made great progress in coastal wetland remediation technologies (Water Resources Protection Bureau of Haihe River Basin, 2006) . The project of Wetland Biodiversity Conservation and Sustainable Utilization Demonstration in China (1999 China ( -2009 , sponsored by UNDP, GEF and SFA, has been successfully completed, which made great progress in enhancing the management capacity of government and the public awareness on wetland conservation (including coastal wetland conservation) (Wetland China, 2009 ). The project of SinoGermany Epiphyte Biodiversity in Mangrove Plants, sponsored by the National Nature Foundation of China and Düsseldorf University, is being conducted, which will make great achievements in the epiphyte metabolites of mangrove plants (Shenyang Branch of the Chinese Academy of Sciences, 2013). The project of Coastal Wetland Conservation and Management Strategies, supported by Chinese Academy of Sciences, CWMO and USA Paul Foundation, is also being carried out, which will greatly promote coastal wetland conservation and management in both policy and practice levels (Chinese Academy of Sciences, 2014). These international cooperation not only introduced the advanced concept and techniques for coastal wetland conservation/or restoration, but also greatly promoted the implementation of national wetland conservation project. Secondly, the foreign exchange of wetland conservation has been actively and extensively launched. Since 1992, the Chinese government actively participated in the Ramsar conference of signatory states and put forward reasonable suggestions on the themes of coastal wetland conservation. Particularly, the related works and achievements in the aspects of China's coastal wetland conservation and management have been extensively disseminated in global inter-governmental conventions. These foreign exchanges not only promoted the implementation of related wetland motions or resolutions, but also safeguarded the interests of most developing countries. In 2007, the CWMO was established by the State Council in order to seriously perform the obligations of Ramsar Convention and carry out international cooperation. China has also signed a series of agreements on coastal wetland conservation with neighboring countries and regions, such as the Sino-Japan Agreement for Migrant Conservation and the Sino-Australian Agreement for Migrant Habitat Conservation. Many international environmental protection organizations such as WI, IUCN and UNDP established branch offices in China one after another due to the great efforts of the Chinese government in exhibiting the wishes of international cooperation and exchange of wetland conservation. For example, the first non-government organization for wetland protection-The China Project Office of Wetlands International was established in 1996, and its contributions in wetlands international cooperation in the past decades greatly promoted the development of Chinese wetland protection. Thirdly, the coordination mechanism of Ramsar Convention has been gradually strengthened. As mentioned above, the variations in ecological characteristics of some internationally important coastal wetlands (such as Chongming Dongtan) have been occurred due to the implementation of local construction project in wetlands. Presently, the potential pressures that these important wetlands are facing have been realized by the international community. Strengthening the coordination mechanism of Ramsar Convention by CWMO was an effective way to solve the sensitive issues of these internationally important wetlands. Finally, China has already built a good international image by strengthening wetlands international cooperation and exchange. In the past decades, China has made great achievements in coastal wetland conservation, which was praised by international community. Many governmental agencies (such as SFA and Heilongjiang Provincial Government) and coastal wetland natural reserves (such as Dalian National Spotted Seal Nature Reserve, Chongming Dongtan Nature Reserve, Yancheng Wetland Nature Reserve, Dafeng (Elaphurus davidianus) Nature Reserve, Huidong Port Sea Turtle Nature Reserve, Zhanjiang Mangrove Nature Reserve and Shankou Mangrove Nature Reserve) were successively conferred the Gift to the Earth award by WWFN. In 2004, the Chinese government was firstly conferred the Outstanding Achievement Award of Global Wetland Conservation and Reasonable Utilization by WI. In November 2005, the Chinese government was firstly elected as a permanent member in the ninth Ramsar conference of signatory states held in Uganda (Ma, 2007) . These indicated that China played more and more important role in wetland international cooperation.
Issues existing in China's coastal wetland conservation
Increasing threats of pollution and human activities on coastal wetlands
Although China has achieved many remarkable achievements in the conservation and restoration of coastal wetlands in the past decade, the increasing threats and pressures on coastal wetlands for the reason of the increasing population and rapidly developing economy will be in existence for a long time. According to the second national wetland resources survey in key wetlands, the three factors affecting wetland ecology ten years ago -pollution, land reclamation and illegal hunting have been expanded into five factors -pollution, excessive fishing and gathering, land reclamation, invasion of alien species and occupation by infrastructure (Wetland China, 2014) . Among them, pollution is one of the major challenges to the sustainability of coastal wetlands. It was reported that the sources of pollution mainly came from the land affected by agricultural/or industrial diffuse activities and livestock/or domestic waste discharge, and also from coastal waters by mariculture and other marine activities (Cao and Wong, 2007) . In recent years, pollution has been found very common in some typical Chinese estuaries, bays and coastal areas. For example, according to the statistical data provided by the Ocean Environmental Quality Communique of China during 2003-2014, the major pollutants (COD, nutrients, petroleum, heavy metals and arsenic) in the Yangtze River estuary (YRE) and Pearl River estuary (PRE) were generally higher than these in the other typical estuaries (Fig. 6) . Although the export fluxes of total pollutant in the YRE and PRE decreased greatly in recent years due to the implementation of water pollution control across the country, the loadings of COD, nutrients, petroleum and heavy metals in the YRE and the fluxes of COD, nutrients and petroleum in the PRE still maintained a high level. Comparatively, the loadings of total pollutant or COD in the Min River estuary (MRE) and Qiantang River estuary (QRE) generally increased or maintained a high level in recent years, while these in the Yellow River estuary (YRE) and Jin River estuary (JRE) decreased greatly. Besides the loading of petroleum in the YRE maintained a high level in recent years, the export fluxes of nutrients and heavy metals in the MRE, QRE, YRE and JRE also maintained a high level or even slightly increased (Fig. 6) . These indicated that although effective measures were taken to prevent water pollution in the past decade, the pollution in the major Chinese estuaries was still very severe, which would seriously threaten the ecological status of coastal wetlands for a long time. Reclamation and infrastructure construction were also the primary causes influencing the existence of coastal wetlands. As mentioned previously, approximately 3.86 × 10 6 ha coastal land was reclaimed or greatly destroyed during 1991-2014 ( Fig. 2A) . In addition, excessive fishing in coastal zone in the past several decades has induced severe degradation of inshore fishery resources. It was reported that the inshore fishing increased from 2.81 × 10 6 tons to 11.53 × 10 6 tons during 1980-1996, with an increasing rate of 310.32%. Since 1994, the inshore fishing significantly exceeded the annual permitted value (8.00 × 10 6 tons) and tended to be stable on the whole (Fig. 7) . Although inshore fishing increased 4.51 fold from 1980 to 2012, and to 12.67 × 10 6 tons in 2012
( Fig. 7) due to greatly increased fishing vessels and vessel power (Lu, 2005 ; Fishery Bureau of the China Ministry of Agriculture, 2013), the catch has dramatically shifted from large high-valued species to small low-valued ones. It was estimated that the frequency of the abovementioned five threatening factors has increased by 38.72% over the past decade (Wetland China, 2014 ). Presently, the major threatening factors as well as their influence frequency and acreage are on the rise. According to the studies of protection efficacy of 23 national coastal wetland reserves in China by 2011 (Table 1) , of the 23 marine/coast reserves, 4 are in excellent conditions, 3 are in moderate conditions and 11 are in poor conditions. The total areas of the three groupings are 23.17 × 10 4 ha, 10.06 × 10 4 ha and 70.64 × 10 4 ha, accounting for 21.76%, 9.45% and 66.33% of the total area, respectively (Zheng et al., 2012) . The poor conservation of most coastal wetland reserves was mainly due to the major threatening factors and large gaps in wetland conservation. Although China has established a conservation system for coastal wetland ecology, many important coastal wetlands in "migrant birds" flyways and ecologically fragile or sensitive areas are not fully incorporated into the conservation system. Given these gaps, we still face a daunting task in protecting coastal wetlands.
Increasing adverse effects of threaten factors on ecosystem function
Due to above-mentioned threaten factors, many important coastal wetlands have partly or completely degraded/or lost. As mentioned previously, approximately 52.17% of mangrove areas were lost during (Fig. 2B) , which mainly occurred in the areas with strong economic expansions (such as Guangdong province). Coral reef areas decreased by 80%, mainly due to destructively anthropogenic activities, such as excavations of reef rock for building materials and collections of coral skeletons for sale (Zhang, 2001; Cao and Wong, 2007) . Accompanying with the loss or degradation of coastal wetlands, many wetlands are losing habitats or breeding ground functions for wild animals and plants, and the biodiversity is deteriorating. It was reported that China had 37 mangrove species (Fu et al., 2009) . Of which, 14 are endangered (such as Lumnitzera littorea and Sonneratia ovata) (Zhang et al., 2013) , accounting for 38.86% of the total species. According to the two national wetland resources surveys, more than half of bird species experienced notable decrease in their populations. In recent years, the known extinct or endangered species in coastal wetlands mainly included wild Yangtze River dolphin (Lipotes vexillifer), Alligator sinensis, Psephurus gladius and Grus japonensis etc (State Forestry Administration of China, 2005) . Biological invasion can also result in serious degradation of biodiversity in coastal wetlands. China is one of the countries that are affected by biological invasion and more than 400 alien invasive species are endangering the biodiversity of ecosystems in China. Presently, approximately 26 marine economic species (fish, shellfish and shrimp species) and 3 species of rice grass (Spartina) were introduced to the coastal zone of China (Liang and Wang, 2001; Cao and Wong, 2007) . The Ministry of Environmental Protection of China declared 18 notorious invasive species, including 3 coastal wetland species, including Alternanthera philoxeroides, Spartina alterniflora and Eichhornia crassipes (Ministry of Environmental Protection of China, 2010) . For example, S. alterniflora, native to the Atlantic coast of North American, was introduced in 1979 to protect coastal dikes and to reduce coastal erosions from tides. It is currently distributed in 10 provinces of Liaoning, Hebei, Tianjin, Shandong, Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong and Guangxi (Zuo et al., 2009; SOA, 2014) , in which the area of Jangsu, Shanghai, Zhejiang and Fujian accounts for 94.13% of the total distribution area (3.44 × 10 4 ha) (Fig. 8) . It was estimated that the three invasive species might have caused a total annual economic loss of 2000 million dollars (USD) in terms of jammed coastal waterways and economic species loss from habitat conversion and ecosystem collapses (Li and Xie, 2002; .
Increasing threats of coastal erosion and sea-level rising
Presently, approximately 70% of sandy and most of the muddy coastal areas in the whole nation (particularly in the north China) suffered from erosion due to both anthropogenic (mining and deforestation) and natural (decreased runoff and sediment, tides, storm surge and sea-level rise) factors (Chen and Zong, 1998; Wang and Zhu, 2006; Cao and Wong, 2007) . Across the whole nation, as long as 79.6 km coastline cumulatively retreated in 2003 in some coastal sites where coastal erosion is severely and quantitatively monitored (Zhang, 2004; Cao and Wong, 2007) . In some major river deltas, decreased runoff and sediment loading are generally important natural factors affecting the variation and stabilization of coastal wetlands. For example, the Yellow River is well known as a sediment-laden river in the world and several hundred million tons of sediment per year are transported to the estuary and deposited in the slow flowing landform, resulting in vast floodplain and special coastal marsh landscape (Xu et al., 2002) . It was reported that the annual runoff and annual sediment loading generally decreased during 1976-2002 and increased as a whole from 2003 to 2013 due to the long-term implementation of WSRP (Fig. 9A) . Comparatively, the variation of annual average sediment loading in different periods was generally in accordance with that of coastal wetland area during 1979-2013 (Fig. 9B,C) . Pearson correlation analysis showed that significantly negative correlation was observed between annual average sediment loading and annual average erosion/accretion rates of coastal wetlands (R = − 0.834, n = 6, p b 0.05) (Fig. 9C,D) , while the correlation between annual average runoff and annual average erosion/accretion rates was not significant (p N 0.05) (Fig. 9D) . These indicated that although inter-annual runoff had great effects on the erosion/ accretion of coastal wetlands in the Yellow River Delta, the variations China (2014) . c 5 reserves were not evaluated due to the shortage of related data. , respectively, indicating that the global sea-level presented long-term increase trend. It is very likely that the global average sea-level rise rate during the 21st century will exceed the rate observed during 1971 -2010 . Wu et al. (2006 Yang and Shi (1999) , Yang (2002) and Cai et al. (2008) , the rise rate of sea-level in China by 2050 will reach 3.1-11.5 mm yr −1 (Table 2) , which might be larger than the global sea-level rise rate (3.2-8.0 mm yr
), indicating that the sea-level rise in the coastal regions of China will have more threats on the existence and stabilization of coastal wetlands. By 2050, the possible flooding area of the main coastal plain (the coastal plain of western Taiwan is not included) in China will reach 14.3-21.2 × 10 4 ha (Table 2) , accounting for 2.47-3.66% of the total coastal wetland area. The sea-level rise in the coastal regions of China can also induce the aggravation of inshore disasters and the enhancement of coastal erosion, which significantly affected the stabilization of coastal wetlands (Yang et al., 1997; Yang and Shi, 1999; He et al., 2012) . Thus, we still face a daunting task in response to the possible threats of coastal erosion and sea-level rise on coastal wetlands.
Insufficient funding for coastal wetland conservation and restoration
As mentioned above, approximately 360 million dollars of central financial funds have been invested and 320 wetland conservation or restoration projects (including coastal wetlands) have been constructed or implemented by 2013. Presently, about 2324.32 × 10 4 ha of wetlands (accounting for 49.80% of natural wetlands) has been effectively protected with the joint efforts of different agencies. However, the capital input of wetland conservation is still very limited and unbalanced. Firstly, more than 50% of natural wetlands are still endangered by pollution, excessive fishing, reclamation, invasion of alien species and occupation by infrastructure, which requires the Chinese government to continuously increase the funds for wetland conservation or restoration. Secondly, the financial funds and human resources that the Chinese government has committed to nationally significant wetlands are basically adequate to meet the conservation needs of these wetlands, but most provincial or local wetlands lack adequate funding for conservation and management. The insufficient funding for infrastructure establishment and personnel training generally results in poor training of wetland administrative personnel, bad management of wetland conservation and ineffective enforcement of wetland statutes (Li and Zhang, 2002; Wang et al., 2008) . Thirdly, although the Chinese government has already carried out ecological compensation pilots in some coastal wetlands, the compensation standards were still needed to be enhanced and the diversified compensation modes should be established. Thus, how to increase the funding for coastal wetland conservation and how to make full use of the limited funding among national, provincial or local wetland conservation will be a great challenge for the Chinese government.
Imperfect legal and management system for coastal wetlands
Firstly, although the current laws or regulations of China play important roles in stopping coastal wetland reclamation and pollution at large scales, these laws or regulations cannot fundamentally solve the problems of coastal wetland conservation due to the overlap and conflict guidelines in some laws. For example, the Management of Maritime Space Utilization Law (2001) states that organizations and individuals can legally obtain sea-use rights through the local department or departments in charge of marine fisheries. This means that the right to .301-284.585x R=-0.454, n=6, p=0.366 y=0.039-0.044x R=-0.834, n=6, p=0.039 Annual average erosion/accretion rate (10 4 ha yr earn income from the sea is protected by legal system and no organizations and individuals can encroach upon that right. However, Article 25 of the Regulations on Nature Reserves (1994) states that residents inside a nature reserve and personnel allowed to enter the reserve must comply with various administrative regulations and subject themselves to management by the administrative agency of nature reserve . Thus, it is very important to coordinate the existing laws so that they are compatible. Also, a special and sound national legal system for wetland conservation and management must be established. As mentioned previously, although the draft of NWCS has been established and 19 LWCSs have already been promulgated by 2013, the national and some provincial or local legislation work still falls behind. Secondly, although the establishment of CWMO greatly promoted the management and coordination of different government agencies at the national level, the management capacities of provincial and local government agencies are still very low due to the lack of coordination institution at the provincial or local level. Thirdly, although the implementation of ecological compensation pilots promoted the conservation of coastal wetlands in some provinces, the perfect compensation mechanism and the special legal system for compensation were still not established. Fourthly, although the SFA has already delimited the "red-line" of wetlands throughout the country (53.33 × 10 6 ha) (State Forestry Administration of China, 2013) , the "red-lines" for coastal wetlands at the national, provincial or local levels are still not delimited. Finally, the lack of training of administrative personnel and the lack of enforcement of wetland regulations in some provincial or local governments also induce wetland management to be very difficult.
Insufficient education, research and international cooperation
Although the education, research and international cooperation on coastal wetland conservation have been gradually enhanced in the past decade, some issues are still existed. Firstly, the public awareness of coastal wetland conservation in some regions is sill not very high. For example, some people in less developed region still do not understand wetlands and consider them to be nothing more than wasteland. Many administrators, especially the first-line managers, still have little knowledge on the important functions of coastal wetlands, which generally causes wetland conservation to be omitted. Secondly, little research focused on coastal wetland monitoring due to the limited research funding. Especially, no countrywide monitoring system is established, which cannot make the governments and organizations respond promptly to dynamic changes in coastal wetlands. Also, the lack of basic monitoring data means that most research has provided only qualitative assessments rather than quantitative evaluations. Thirdly, although lots of preliminary restoration projects have been implemented in the past decade, the existing technologies cannot keep up with the demand for coastal wetland restoration. Particularly, the studies on advanced restoration technologies (such as species improvement technology and ecological engineering technology) for the severely degraded coastal wetlands are needed. Also, the evaluation on the ecological impacts of coastal wetland restoration should be systematically conducted. Finally, the international cooperation in coastal wetland conservation is still not very deep. Especially, the introduction of advanced concept and technologies in coastal wetland conservation or restoration is still insufficient. Overall, the lack of insufficient education, research and international cooperation on China's coastal wetlands, to some extent, is delaying the development of conservation.
Strategies for improvement of China's coastal wetland conservation
Over the past decades, the Chinese government has already recognized that healthy coastal wetland ecosystems played an important role in guaranteeing the territory ecological security and the sustainable development of coastal zone. Although China has achieved many noticeable achievements in the conservation and restoration of coastal wetlands, many severe challenges in protecting wetlands remain in terms of legislation, management, funding, public participation, scientific research and international cooperation according to the abovementioned issues. In the future, the strategies for improvement of China's coastal wetlands conservation mainly include: i) Exploring effective measures in response to major threaten factors As mentioned above, pollution, human activities, biological invasion, coastal erosion and sea-level rise are major factors influencing the existence and stabilization of coastal wetlands. Thus, effective countermeasures should be explored to relieve or eliminate these threats in the next step. Firstly, the pollutionmonitoring network covered all coastal wetlands should be established, and a series of pollution control action plans that focus on point and nonpoint source pollution control, wastewater purification and ecological remediation should be implemented. Secondly, in order to restrain the decrease of coastal wetland area, prevent the degradation of coastal wetland functions and effectively control the effects of human activities, the "red-line" for coastal wetlands at the national, provincial or local levels should be set up as early as possible. Especially, the land reclamation, infrastructure construction and excessive fishing should be seriously prohibited within the "red-line" area of coastal wetlands. Thirdly, the comprehensive control measures (integration of mechanical, artificial, chemical and biological measures) should be carried out to relieve or eliminate the negative influences of invasion species. Also, a series of engineering measures (such as coast reinforcement and dike building) should be implemented to prevent coastal erosion caused by sea-level rise in the future. ii) Improving the conservation and compensation systems for coastal wetlands Firstly, the coastal wetland conservation system, including wetland nature reserves, wetland parks and small nature reserves, should be further improved. As mentioned above, due to the large gaps in coastal wetland conservation and the frequent effects of human activities, many important coastal wetlands in "migrant birds" flyways and ecologically fragile or sensitive areas are not fully incorporated into the conservation system. Next step, the conservation system should be improved, and priority should be given to the important coastal wetlands in national key ecological functional areas and in "migrant birds" flyways. Secondly, the ecological compensation system should also be improved. On the one hand, the ecological compensation pilots in coastal wetlands should be expanded in the next step. Also, the compensation standard should be enhanced and the diversified compensation modes should be established. On the other hand, the ecological compensation mechanism for coastal wetland conservation at the national, provincial or local levels should be established and perfected. Particularly, the supporting infrastructure systems such as property rights system, compensation standard system and assessment system of ecosystem service value should be perfected, and the authority and responsibility of conservator and beneficiary should be ascertained. iii) Strengthening coastal wetland legislation and management Success in future coastal wetland conservation requires strict legislation, science-based regulations and effective management/ coordination mechanisms. Firstly, the legislation for coastal wetland conservation should be perfected. China should promulgate the NWCS as soon as possible to clearly define powers and responsibilities, administration procedure and conduct code in wetland conservation. Also, the special legal system for coastal wetland compensation should be set up as early as possible. Secondly, the long-term coordination mechanisms for coastal wetland conservation and management at the national, provincial or local levels should be established. Also, the conflict guidelines existed in related laws should be coordinated so that they are compatible. Thirdly, the executive force of the national, provincial or local statutes or policies should be continually strengthened. Also, the coastal wetland conservation should be gradually incorporated into the performance assessment of governments at all levels. Fourthly, in order to improve coastal wetland management, the training of administrative personnel involved in wetland management and conservation should be enhanced. Also, a technical consulting mechanism on sound decision-making concerning coastal wetland management should be set up. Fifthly, in order to reduce the disturbances on coastal wetlands, a series of new policies or regulations should be developed to provide alternative ways of livelihood for local people. Also, some significant obstacles to coastal wetland conservation, such as local bureaucracy, misuse of funding and lack of appreciation of management principle, should be removed. Finally, a system for assessing the effectiveness of the implementation of the laws, policies and regulations, and the accountability of the funded programs must be established. iv) Increasing funds for coastal wetland conservation and research
In order to reach the goals of the National Wetland Conservation Program (2002 Program ( -2030 , the Chinese government should continually increase the input of financial funds for coastal wetland conservation or restoration. Especially, adequate funding should be invested in the conservation of most provincial or local wetlands. To relieve the capital shortage, the government should encourage the investment from private companies, agencies and organizations. China should also continually increase the input of financial funds for coastal wetland research. Firstly, the funding for basic research should be greatly increased. Especially, the responses of coastal wetlands to human activities, biological invasion, coastal erosion and sea-level rise should be deeply studied and the effective countermeasures should be explored. Secondly, the funding for exploring advanced restoration technologies to serve major restoration projects at a large scale and assessing the ecological effects of restoration should be increased. Thirdly, the funding for establishing a real-time monitoring network of coastal wetlands across the country should be ensured. Particularly, the funds must be preferentially arranged for increasing monitoring items, introducing new monitoring technologies and promoting the application of related technologies (such as GIS, RS and computer networking). Finally, the funding for developing scientific patterns that can resolve the contradiction between coastal wetland conservation and utilization and permit sustainable development should be ensured. The Chinese government should find a balance between protection of coastal wetlands and revitalization of local economy in coastal regions. Also, a series of pilot projects should be carried out to demonstrate the wise-use of coastal wetlands. v) Strengthening coastal wetland education and international cooperation Success in future coastal wetland conservation, to some extent, depends on the important roles of education, publicity and public participation. China must strengthen the education and training for publics and improve their knowledge on the vital significance of coastal wetland conservation by multiple communication channels. In order to enhance the effectiveness of public participation, the government should take more vivid means to improve publicity and mobilize the experts specialized in coastal wetlands research to participate in public education or activities.
To create suitable conditions for improving public knowledge, the investment in coastal wetlands education should be greatly increased. The international cooperation and exchange activities should also be further strengthened. On the one hand, the introduction of advanced concept and techniques in coastal wetland conservation or restoration should be further strengthened. On the other hand, the active international cooperation, combined with close agency coordination and strict management measures, should be further strengthened to effectively solve the sensitive problems of some internationally important wetlands caused by the implementation of local construction project. Although the threats and pressures on coastal wetland conservation are still apparent, the future of China's coastal wetlands looks promising because the Chinese government understands that the sustainable development in China's coastal zone requires new attitudes, sound policies and concerted efforts at all levels.
